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Abstract 
Global warming and air pollution are of great concerns in China due to the rapid industrialization. Iron and steel 
industry accounts for the largest industrial source of Greenhouse gases (GHGs) and emits a lot of local air pollutants 
(NOx, PM10, PM2.5 and SO2). Multiple energy conservation technologies have been promoted by Chinese government 
to reduce the energy consumption and carbon emissions. Based on the national China-TIMES model, the Base 
scenario and two carbon constraint scenarios are formulated, to assess the emission reduction potentials and the co-
benefit effects for these promoted technologies in the iron and steel industry. The results are as follows: the emissions 
of CO2 and SO2 will reach the peak in 2015; and the emissions will be 1264 Mt and 2.79 Mt, and then keep 
decreasing to 244 Mt and 0.43 Mt in 2050, other local air pollutants will keep declining during 2010~2050. The CO2 
reduction potential is about 45.7 Mt~91.6 Mt, in which the coke-making, iron-making and casting processes have the 
largest contribution to this. The emissions of local air pollutants will be reduced significantly under the two CO2 
emission reduction scenarios. The reduction of CO2 has the most significant co-benefit effect on reducing SO2 
emissions, but limited co-benefit effect on reducing PM2.5. 
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1. Introduction 
Co-benefits are the benefits from policy options implemented for various reasons at the same time, 
acknowledging that most policies resulting in GHGs mitigation also have other, often at least equally 
important, rationales [1]. 
China is facing great pressure on the reduction of CO2 and local air pollutants emissions. The iron and 
steel industry is the largest industrial source of CO2 emissions. Energy conservation technologies can 
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reduce not only CO2 but also local air pollutants. Thus, considering the co-benefit effect will have 
significant impacts on the cost-effectiveness of energy conservation technologies. Currently, most studies 
on co-benefits of CO2 mitigation policies are conducted for developed countries, while the analysis in 
developing countries are lacking, and detailed analysis tailored for the iron and steel is very limited [2]. 
In this study, we mainly focused on the energy saving technologies for the iron and steel industry. We 
first estimated the emissions of carbon and local air pollutants between 2010~2050 without any reduction 
constraint, then examined the prospects for carbon reduction under two carbon constraint scenarios. At 
last, we analyzed the co-benefits of reducing carbon emissions. A bottom-up model named China-TIMES 
was applied, based on the TIMES (The Integrated MARKAL-EFOM System) modeling framework [3]. 
2. Methodology 
2.1. TIMES model and basic assumptions 
China-TIMES model is a national optimization model, which provides a technology rich basis for 
simulating China’s energy system and related emissions. The model has five sectors, namely agriculture, 
industry, transport, residential and commercial [4, 5]. For iron and steel industry, the model considers 8 
processes including coke-making, sintering, pelletizing, iron-making, EAF, BOF, casting and rolling. 16 
most effective and commercialized energy conservation technologies are considered [6]. 
The model drivers include social and economic indicators as well as population growth indicators. In 
this study, we have some basic assumptions, and they are listed in Table 1. 
Table 1. Basic assumptions for the China-TIMES model 
Indexes 2010 2015 2020 2030 2040 2050 
Population (million) 1359.8 1400.4 1432.9 1453.3 1435.5 1384.9 
Urbanization rate (%) 49.9 51.6 57.0 62.5 67.0 70.0 
Growth rate of GDP (%/year) 8 7 6 4.5 4.5 3.5 
Share of primary industry (%) 10.1 7.2 5.5 3.6 2.6 2.0 
Share of secondary industry (%) 46.8 42.8 41.5 38.7 36.3 34.1 
Share of tertiary industry (%) 43.1 49.9 53.0 57.6 61.1 63.9 
2.2. Scenarios definition 
Three scenarios were developed for the period 2010~2050, including the Base scenario and two carbon 
constraint scenarios, as presented in Table 2. 
Table 2. Factors and main difference considered in the scenarios 
Scenarios Description 
Base scenario (REF) The demand for steel will rise from 627 Mt in 2010 to 768 Mt in 2015 and then keep falling to 372 
Mt in 2050. No constraints on carbon emissions [7,8]. 
High reduction (HR†) During 2015-2050, annual carbon emission reduction rate for iron and steel  is set as 8%, 10%, 
12%, 12%, 12%, 14%, 14% and 16% at each 5-year interval. 
Low reduction (LR) During 2015-2050, annual carbon emission reduction rate for iron and steel  is set as  4%, 5%, 6%, 
6%, 6%, 7%, 7% and 8% at each 5-year interval. 
 
† Before setting the CO2 emission reduction targets, we calculated the technical abatement potential in the base year for the iron and steel industry and the reduction potential is about 80 Mt and 
accounting for about 8% in the base year. As higher adoption rates later, we set gradually increased goals. 
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3. Results 
3.1. Trends of CO2 and local air pollutants emissions 
The steel production is the main driving force for energy consumption and multiple emissions before 
2015. Energy efficiency improvements and production structure will then play more important roles. In 
2010, the emissions of CO2, NOx, PM10, PM2.5 and SO2 in iron and steel industry were 1072 Mt, 1.07 Mt, 
0.57 Mt, 0.37 Mt and 2.41 Mt, respectively.  
Under the Base scenario, without any emissions reduction target, the emissions of CO2 and SO2 will 
reach their peak in 2015 at 1264 Mt and 2.79 Mt. The other air pollutants will keep declining during 
2010~2050. In 2050, the emissions of CO2, NOx, PM10, PM2.5 and SO2 in iron and steel industry will be 
244 Mt, 0.13 Mt, 0.10 Mt 0.07 Mt and 0.43 Mt, respectively. 
3.2. Reduction potential in production processes 
Under the two carbon constraint scenarios, more and more energy conservation technologies will be 
adopted, the reduction potentials for different processes are shown in Fig 1. In the LR scenario, the largest 
reduction will occur in 2025, which is about 45.7 Mt. After 2025, the reduction of CO2 emissions will 
decrease to a 27.7 Mt in 2050. In the HR scenario, the largest CO2 reduction potential of 91.6 Mt will be 
achieved in 2020. After 2020, it will gradually decline to 36.5 Mt in 2050. 
The reductions in different processes vary greatly. Coke-making, iron-making and casting are the main 
three processes that have the largest reductions, while EAF and Pelletizing processes have limited 
reduction potentials. We can find another interesting phenomenon that the reductions of casting process 
are quite small under the LR scenario, while much bigger under the HR scenario in the beginning years. 
One reason is the limited energy consumption in these processes; another reason is the high cost of energy 
conservation measures in this processes. 
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Fig.1 Carbon reduction potential in processes under different carbon constraint scenarios (Mt) 
3.3. The co-benefit effects from CO2 reduction 
Fig 2 shows the emission reductions of CO2 and local air pollutants under two scenarios. The 
emissions of NOx, PM10, PM2.5 and SO2 will be reduced significantly under the two CO2 emission 
reduction scenarios. Under the LR scenario, the largest reduction for local air pollutants emissions will 
occur in 2020, the reduction potentials for multiple pollutants are 36.8 Kt NOx, 30.8 Kt PM10, 20.2 Kt 
PM2.5 and 114.5 Kt SO2. But under the HR scenario, the local air pollutants have the largest reduction 
emissions in 2015, the reductions are 85.0 Kt NOx, 75.7 Kt PM10, 49.9 Kt PM2.5 and 256.4 Kt SO2. 
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Fig 2 The emission reduction of carbon and local air pollutants under two reduction scenarios 
4. Discussion 
Through this study, we estimated the future emissions of CO2 and local air pollutants, evaluated the 
emission reduction potentials by processes for Chinese iron and steel industry, and assessed the co-benefit 
effects of reduction the local air pollutants emissions from two carbon constraint scenarios. The major 
conclusions are as follows. 
The emissions of CO2 and local air pollutants will be reduced through increasing the adoption of 
energy conservation technologies and optimizing the energy consumption structure. 
Under the Base scenario without any CO2 emissions constraints, the emissions of CO2 and SO2 will 
reach a peak in 2015, with 1264 Mt and 2.4 Mt respectively, while the other air pollutants will keep 
falling from 2010 till 2050. In 2050, the emissions of CO2, NOx, PM10, PM2.5 and SO2 will be 244 Mt, 
0.13 Mt, 0.10 Mt 0.07 Mt and 0.43 Mt, respectively. 
The reduction potential of CO2 in the iron and steel ranges from 45.7 Mt to 91.6 Mt. Coke-making, 
iron-making and casting processes have the largest CO2 reduction potential, while the reduction potential 
in EAF and Pelletizing processes are very limited. 
Under the two carbon constraint scenarios, more and more energy conservation measures would be 
adopted and the mitigation of CO2 has the most co-benefit effect on reducing SO2. The reduction potential 
of SO2 emissions is about 114.5~256.4 Kt, while the reduction potential of PM2.5 emissions is just 
20.2~49.9 Kt. 
Acknowledgements 
This research was funded by the MOE project of Key Research Institute of Humanities and Social 
Science at Universities (12JJD630002) and Ministry of Science and Technology of China 
(2012BAC20B01). Anonymous reviewers for their valuable comments are also gratefully acknowledged. 
References 
[1] IPCC Fourth Assessment Report, Working Group III: Mitigation of Climate Change [R], 2007. IPCC. 
[2] Co-benefits of CO2 emission reduction in a developing country [J]. Energy policy. 2010. 
[3] IEA ETSAP. Overview of TIMES modelling tool [R]. http://www.iea-etsap.org/web/Times.asp 
[4] Chen W., Z. Wu, and et al. Carbon emission control strategies for China: A comparative study with partial and general 
equilibrium versions of the China MARKAL model [J]. Energy, 32(1): 59-72, 2007. 
[5] Chen W., X.Yin,  Hongjun Zhang. Towards low carbon development in China: a comparison of national and global models [J]. 
Climatic Change. 2014. 
[6] National extension directory of important energy conservation technology (1st, 2nd , 3rd , 4th , 5th  bath) [M]. Beijing. 
[7] Yin X., W. Chen. Trends and development of steel demand in China: a bottom-up analysis [J]. Resource policy. 2013. 
[8] Liu L., W. Chen, Scenario analysis of China’s future energy demand based on TIMES model system [J]. Energy procedia 2011. 
